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7-polvaminoa 1 k yl ( nxv)iminomethvlcamptothecins be aring protective 
groups 

The invention disclosed herein relates to compounds useful as medi- 
caments, and particularly to camptothecin derivatives with substitu- 
ents in position C-7, containing polyamine residues in which the amine 
residues are protected with protective groups such as Boc, to processes 
for their preparation, to their use as active agents with topoisomerase 
I inhibiting activity and to pharmaceutical compositions containing 
them as active ingredients. 

Background to the invention 

Camptothecin is an alkaloid isolated by Wall et al. [J. Am. Chem. Soc, 
1966, 88, 3888-3890] for the first time from the tree Camptotheca 
acuminata, native to China and belonging to the Nyssaceae family. 

The molecule consists of a pentacyclic structure with a lactone in ring 
E, which is essential for cytotoxicity. 

For a review of the camptothecins and the problems relating to their 
use as medicaments as well as the solving of such problems, the reader 
is referred to EP 1 044 977, filed in the name of the present applicants. 

The polyamines have for some time now been the subject of great in- 
terest in medicinal chemistry. 

Putrescine, spermidine and spermine are the most intensively studied 
polyamines, in that they occur naturally in both prokaryotic and 
eukaryotic cells. Their role in cell physiology would appear to be mul- 
tiple and, in certain respects, still unknown [J. Med. Chem., 2001, 44, 
1-26]. At physiological pH these compounds are present as polycations, 
. are capable of interacting with a substantial variety of cell constitu- 
ents, such as RNA, DNA, nucleotides, proteins and other biological 
substances of an acid nature [J. Cell Biochem., 1991, 46, 37-47]. 
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In oncology the polyamines are the subject of study for a number of 
reasons, namely, their polycationic nature at physiological pH, their 
influence on the ion channels of the cell membranes, and their interac- 
tion with various important transcriptional factors in human tumour 
forms [Biochemistry 1999, 38, 14765-74]. 

The conjugation of polyamines with cytotoxic drugs has also been de- 
scribed, for example with chlorambucil [Cancer Res., 1992, 52, 4190-5], 
where a substantial improvement in the therapeutic index has been 
observed, but also as a form of chemoprevention in combination with 3- 
indolylcarbinol [BMC-Cancer 2003, 3:2, 1471-2407]. 

Less frequent is the study of polyamine derivatives in protected form: 
for example, N-benzyl-derivatives [J. Med. Chem., 2001, 44, 3653-64]. 

The polyamines can be bound to cytotoxic molecules in order to influ- 
ence their cell transport: for example, spermines have been conjugated 
with acridines [J. Med. Chem., 2002, 45, 5098-111] for the purposes of 
favouring a selective release of the latter at tumour cell level. 

Polyamine residues have also been inserted in camptothecins (CPT) in 
position 7, such as iminomethyl derivatives [Bioorganic & Medicinal 
Chemistry Letters, 2001, 11, 291-4], and, in particular, the compound 
derived from spermine has been described in international patent ap- 
plication WO 0053607 filed in the name of the present applicant. 

Summary of the invention 

It has now been surprisingly found that camptothecins substituted in 
position 7 by means of an iminomethyl or oxyiminomethyl bond, where 
the imine and oxime groups derive from amines or hydroxy lamine s 
containing polyaminoalkyl residues (e.g. spermine, spermidine, putres- 
cine), when present in protected form, display substantial anticancer 
activity, distinctly superior to that of the same derivatives in unpro- 
tected form. 
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This anticancer potency is comparable to that of compounds currently 
used in oncological clinical practice, and therefore the derivatives 
which are the subject of the present invention may make a major con- 
tribution to enriching the armajnentarium available for the fight 
against cancer. 

The compounds which are the subject of the present invention have the 
following general formula (I): 




m is the number 0 or 1; 

S and Z\ which can be the same or different, are an integer 
ranging from 0 to 2; 

Y and TP, which can be the same or different, are (CH2)ni; 
(CH2)n2-CH[NR vn (CH 2 )n4-NHR I ]-(CH2)n3; CH 2 -CH[CH 2 -CH2]2- or 
(CH 2 )n 2 -N[(CH 2 )n4-NHRi v ].(CH2)n3; 

Y" is selected from the group consisting of H; cycloalkyl C3-C7; 
(CH2)n5-N[CH 2 -CH2] 2 N-(CH 2 )n6NHRV; (CH 2 )n7-CH[CH 2 - CH 2 ] 2 NR V ; 

X is O, or is a simple bond; 

n-ns, which can be the same or different, are an integer ranging 
from 0 to 5; 
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E 1 , R n , R m , R 17 , and R v , which can be the same or different, are 
a protective group for the nitrogen to which they are bound; C0 2 R VI ; 
C0 2 CH2Ar; C0 2 (9-fLuorenylmethyl); (CH 2 )n 5 -NHC0 2 R VI ; CHzAr; COAr; 
(CH 2 )n 5 -NHC0 2 CH 2 Ar; (CH 2 )n 5 -NHC0 2 -(9-fluorenylmethyl). 
is a straight or branched (Ci-Ce) alkyl; 

Rvn i s H or R!-R v ; 

Ar is a C 6 -Ci 2 aromatic residue, such as phenyl, optionally sub- 
stituted with one or more groups selected from: halogen, hydroxy, Ci- 
C 5 alkyl, C1-C5 alkoxy, phenyl, cyano, nitro, -NRvniRix, where R^ and 
RK, which can be the same or different, are hydrogen, straight or 
branched (C1-C5) alkyl, or Ar is a heterocyclic group, said heterocyclic 
group containing at least one heteroatom selected from a nitrogen 
atom, optionaUy substituted with a (Ci-C 5 ) alkyl group, and/or oxygen 
and/or sulphur; said heterocycle can be substituted with one or more 
groups selected from halogen, hydroxy, C1-C5 alkyl, C1-C5 alkoxy, 
phenyl, cyano, nitro, -NRvniRix where R^m and R K , which can be the 
same or different, are hydrogen, straight or branched (C1-C5) alkyl, the 
Ni-oxides, racemic mixtures, their individual enantiomers, their indi- 
vidual diastereoisomers, the E and Z forms, their mixtures, and phar- 
maceutical^ acceptable salts. 

The present invention comprises the use of compounds with the above- 
mentioned general formula (I) as active ingredients for medicaments, 
particularly for medicaments useful as topoisomerase I inhibitors. 
Among the therapeutic applications deriving from the topoisomerase 
inhibiting activity we should mention tumours and viral and parasite 
infections. 

The present invention comprises pharmaceutical compositions con- 
taining formula (I) compounds as active ingredients, in admixture with 
pharmaceutically acceptable vehicles and excipients. 
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Detailed description of the invention 

What is meant by a protective group, as referring to the various R 1 , R n , 
R m , R 1 ^ and R v , is a group that favours the capture of the molecule by 
the cell. Whereas the present invention is based on the discovery that 
protective groups on the amine nitrogens confer potent anticancer ac- 
tivity upon the molecules, and since the inventors do not wish to be 
tied to any particular theoretical consideration, it is believed that the 
protective groups should be bulky groups of a lipophilic nature. Pre- 
ferred examples of protective groups are: C02R VT ; CC>2CH2-Ar; C0 2 -(9- 
fluorenylmethyl); (CH 2 )n5-NHC0 2 R VI ; (CH 2 )n 5 -NHC02-CH2Ar; CEfeAr; 
COAr; (CH 2 )n5-NHC0 2 -(9-fluorenylmethyl), in which the variable 
groups are defined as above. 

A first group of particularly preferred compounds comprises formula 
(I) compounds with a 6-term lactone ring (m = 0) and, among these, 
particularly: 

tert-butylester of 20S-(4-{[3-(7-camptothecinylidene-amino)- 
propyl]-tert-butoxycarbonyl-amino}-butyl)-(3-tert-butoxyc£irbonyl- 
aminopropyl)-carbamic acid; 

tert-butylester of 20S-(4-{[3-(7-camptothecinyhdene-amino)- 
propyl]-tert-butoxycarbonyl-amino}-butyl)-carbamic acid; 

tert-butylester of 20S- [3- (7-camp tothecinyhdene-amino)-butyl] - 
carbamic acid; 

20S-7-[3-(N-tert-butoxycarbonylamino)propoxyimino-methyl]- 
camptothecin. 

A second group of preferred compounds comprises formula (I) com- 
pounds with a 7-term lactone ring, the synthesis of which is described 
in [J.Med.Chem. 199S, 41, 5410], and, among these, particularly: 

tert-butylester of 20RS-(4-{[3-(7-homocamptothecinylidene- 
amino)-propyl]-tert-butoxycarbonyl-amino}-butyl)-(3-tert-butoxycarbo- 
nylaminopropyl)-carbamic acid; 

tert-butylester of 20RS-(4-{[3-(7-homocamptothecinylidene-ami- 
no)-propyl] - 1 ert -b utoxy car bony 1- amino} -b uty 1) -c arb amic acid; 
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tert-butylester of 20RS-[3-(7-homocamptothecmyndene-aniino)- 

butyl]-carbamic acid; 

^Oi2,S-7-[3-(N-tertbutoxycarbonylamino)propoxyimino-methyl]- 

homocamptothecin. 

The compounds disclosed in the present invention are topoisomerase I 
inhibitors and are therefore useful as medicaments, particularly for the 
treatment of diseases that benefit from inhibition of said topoisomera- 
se. In particular, the compounds according to the present invention 
display antiproliferative activity, and are therefore used for their the- 
rapeutic activity, and possess physicochemical properties which make 
them suitable for formulation in pharmaceutical compositions. 

The pharmaceutical compositions contain at least one formula (I) com- 
pound as the active ingredient, in an amount such as to produce a sig- 
nificant therapeutic effect. The compositions covered by the present 
invention are entirely conventional and are obtained by using methods 
which are common practice in the pharmaceutical industry. According 
to the administration routes opted for, the compositions will be in solid 
or liquid form, suitable for oral, parenteral or intravenous administra- 
tion. The compositions according to the present invention contain, 
along with the active ingredient, at least one pharmaceutically accept- 
able vehicle or excipient. These may be particularly useful coadjuvants, 
for example, solubilising agents, dispersion agents, suspension agents, 
or emulsifying agents. 

Formula (I) compounds can also be used in combination with other ac- 
tive ingredients, for example, anticancer drugs or other drugs with an- 
tiparasite or antiviral activity, both in separate forms and in single- 
dosage forms. 

The compounds according to the present invention are useful as me- 
dicaments with anticancer activity, for example in lung cancers such as 
non-microcytoma lung cancer, or in colorectal and prostate cancer and 
glioma. 
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The following examples further illustrate the invention. 

Preparation 1 

7-Formvl-camptothecin 

To a solution of 2.0 g (4.73 mmol) of 7-dimethylacetal-camptothecin in 
18 mL of CH2CI2, cooled to 0°C, were added 12 mL of TFA and a few 
drops of H2O. After one night at room temperature the reaction is 
complete with the formation of a product with Rf = 0.42 (CH 2 Cl2/MeOH 
92:8). The reaction mixture was purified by chromatography on SiC>2 
with CH 2 Cl2/MeOH (from 98:2 to 92:8) to give 1.4 g (3.72 mmol; yield 
79%) of the expected product as a yellow solid. 

Preparation 2 

br.N^^'-triBoc-sperrnine 

N'jN^N^'-triBoc-spermine was prepared according to the process de- 
scribed in the literature [Tetrahedron Letters 1998, 39, 439-42], 

Preparation 3 

N\N"-diBoc- spermidine 

The compound was prepared with a process equivalent to that dis- 
closed for spermine. 

Preparation 4 

N*-Boc-putrescine 

This compound is commercially available 
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Example 1 

7-rn^\N , \N"'-tert-butoxvcarbonvlVspermine-imino-inethvl1-^0S- 
camptothecin [ST2544]. 

272 mg (0.72 mmol) of 7-formylcamptothecin were dissolved in 20 mL 
of anhydrous CH2CI2 in a 100 mL flamed flask. 44 mg of Yb (OT£>3 
(0.07 mmol; 0.1 eq.) were added to the solution and then 700 mg (1.4 
mmol; 2 eq.) of tri-Boc-spermine dissolved in 12 mL of anhydrous 
CH2CI2 and molecular sieves, keeping the reaction flask sheltered from 
the light. After 16 h at room temperature 1.9 g (4.2 mmol; 3 eq. in rela- 
tion to spermine) of a resin functionalized with isocyanate groups 
(loading 2.2 mmol/g) were added as a scavenger of the excess amine. 

The reaction mixture was left for another 16 h at room temperature 
before being filtered on celite to remove the molecular sieves and the 
scavenger resin; the solvent was removed in vacuo and the crude reac- 
tion product was purified by preparative HPLC chromatography 
(CH 3 CN/MeOH=90:10; 8 mL/min; RP-18, 250 x 25 mm, 7 urn) to give 
500 mg (0.58 mmol; yield 81%) of product as a yellow solid. 

MS (IS): [MH] + = 860.8 
[M-l]- = 858.7 

iH NMR (300 MHz, CDCI3, 5): 1.0-1.1 (t, 3H, CH 3 ), 1.4-2.0 (m, 35H, 
3xtBu+4::CH2), 2.0-2.1 (q, 2H, CH 2 ), 3.0-3.3 (m, 10H, 5zCH 2 ), 3.85-3.95 
(d, 2H, CH 2 ), 5.3-5.4 (d, 1H, CH), 2.55 (s, 2H, CH 2 ), 5.75-5.85 (d, 1H, 
CH), 7.7-7.9 (m, 3H, 3xCH), 8.25-8.35 (d, 1H, CH), S.45-8.55 (d, 1H, 
CH), 9.4 (s, 1H, CH). 

13CNMR (75.4 MHz,CDCl 3 , 5): 8.0; 28.6; 28.7; 31.8; 47.0; 52.7; 66.6; 
72.9; 79.5; 97.8; 118.9; 126.2; 127.6; 128.5; 139.3; 130.8; 146.2; 149.9; 
150.0; 152.9; 155.7; 157.6; 174.0. 
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Example 2 

7-r(N\N''-tert-butoxycarbonyl)-spermidine-imino-methvl]-.26>S- 
camptothecin TST25981. 

Using the same process disclosed in Example 1, the title product was 
obtained. 

Yield = 22% 

MS (IS): [MH] + = 704.6 
[M+Na] + = 726.6 

iH NMR (300 MHz, CDCI3, 8): 1.0-1.1 (t, 3H, CH 3 ), 1.4-2.1 (m, 26H, 
2xtBu+4xCH 2 ), 3.0-3.4 (m, 4H, 2xCH 2 ), 3.75-3.95 (m, 4H, 2xCH 2 ), 5.25- 
5.35 (d, 1H, CH), 5.55 (s, 2H, CH 2 ), 5.75-5.85 (d, 1H, CH), 7.7-7.9 (m, 
3H, 3xCH), 8.25-8.35 (d, 1H, CH), 8.45-8.55 (d, 1H, CH), 9.4 (s, 1H, 
CH). 

13 CNMR (75.4 MHz,CDCl3, 8): 8.0; 28.6; 28.7; 32.1; 47.4; 51.7; 52.9; 
53.6; 66.7; 69.7; 72.9; 79.7; 98.0; 98.4; 119.0; 122.5; 123.1; 126.4; 127.7; 
128.6; 130.2; 130.4; 131.0; 131.3; 146.4; 150.1; 153.1; 156.0; 156.4; 
157.9; 174.2. 

Example 3 

7 -r3-(H-tert-butoxvcarbonvlVamino-l-propoxvirn irinTnftt hvll-.gf?iS- 
camptothecin (ST2664^ 

To a suspension of -7-(3-ammopropoxyiminomethyl)-20iS-camptothecin 
(20 mg, 0.045 mmol) in 5 ml of anhydrous THF are added 10 mg of 
(Boc) 2 0 (1 equivalent) and 7 fxl of Et3N (1 equivalent); the mixture is 
left to react at room temperature for 30 h, at the end of which period 
the reaction is almost complete. The reaction is monitored by TLC, 
eluting with CH 2 C1 2 :CH30H = 9:1. 
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The THF is evaporated and the solid extracted with CH2CI2; the or- 
ganic phase is washed with water (twice) and with brine (once). The 
solution is anhydrified with Na 2 S0 4 , filtered and brought to dryness. 
16 mg of product consisting of a mixture of E and Z isomers is obtained 
(yield: 64%). 

Rf: 0.38 in CH 2 Cl2:CH 3 OH= 98:2. 
M.p.: 141-142°C 

iH-NMR (300 MHz, DMSO-d6, 8): 0.87 (t, H 3 -18E + H 3 - 18Z), 1.37 (s, 
H 9 t-butyl E), 1-30 (s, H 9 t-butyl Z), 1.67 (m, H 2 -19Z+ -CHsCHsCHv-Z), 
1.87 (m, H 2 -19E + -CH2CH2CH2-E), 2-83 (t, CH2-N-Z), 3.07 (t, CH2-N- 
E), 4.12 (t, CH2-O-Z), 4.35 (t, CH2-O-E), 5.17 (s, H-17-Z), 5.32 (s, H-17- 
E), 5.40 (s, H-5-E), 6.50 (s, OH-E + OH-Z), 6.75 (t, NH-Z), 6.90 (t, NH- 
E), 7.25 (s, H-14-Z), 7.32 (s, H-14-E), 7.75 (m, H-ll-E + H-ll-2), 7.90 
(m, K-10-E + H-10-Z), 8.02 (d, H-12-Z), 8.20 (d, H-12-E + H-9-2), 8.40 
(s, -CH=N-Z), 8.6 (d, H-9-E), 9.32 (s, -CH=N-E). 
E:Z ratio = 88:22 (by NMR). 

Example 4 

7-rN-(N'-tftTH-.-hutoxvcarbonvlVp v ^ 0 grini m irin-methvl1-m9-camptothe- 
cin (ST26151 

Using the same synthesis process disclosed in Example 1, the title 
product was obtained. 

Yield = 78% 

MS (IS): [MH] + = 547.7 

iH NMR (300 MHz, CDCI3, 5): 1.0-1.1 (t, 3H, CHs), 1-45 (s, 9H, tBu), 
1.65-2.0 (m, 4H, 2xCH 2 ), 3.2-3.35 (q, 2H, CH 2 ), 3.9-4.0 (t, 2H, CH2), 5.3- 
5.4 (d, 1H, CH), 5.55 (s, 2H, CH 2 ), 5.75-5.85 (d, 1H, CH), 7.7-7.9 (m, 
3H, 3xCH), 8.25-8.35 (d, 1H, CH), 8.45-8.55 (d, 1H, CH), 9.4 (s, 1H, 
CH). 



WO 2005/005431 



PCT7IT2004/000374 



11 

Example 5 

7-f4-nsr-tert-butoxvcarbonvl)-piperidinvl-methvliiiiinomethvl-^QiS- 
camptothecin (ST2665~) 

To a suspension of 7-formylcamptothecin (60 mg, 0.159 mmol) in 5 ml 
of CH2CI2 (distilled on CaCl 2 and conserved on sieves) are added 119 
mg (0.477 mmol, 3 eq.) of l-Boc-4-aminomethylpiperidine hydrochlo- 
ride, 40 ul of pyridine and 6 mg of Yb(OTf) 3 (10% by weight in relation 
to the aldehyde) and the mixture is left to react at room temperature 
for 5 days (TLC: CH 2 C1 2 :CH 3 0H = 98:2). 

The product is purified by flash chromatography (eluent: 
CH 2 C1 2 :CH 3 0H = 99:1). Yellow solid. Yield: 20%. M.p. 200°C dec. Rf of 
the reaction product: 0.37 in CH 2 C1 2 :CH 3 0H = 96:4. 

iH-NMR (300 MHz, DMSO-d 6; 6): 0.87 (t, CH 2 CH 3 ), 1.32 (s, t-butyl), 
1.67-2.00 (m, CHsCB-z + 2-Ci?2-pip. + -CH pip.), 2.55-2.85 (m, -CH2- 
pip.), 3.80 (m, -CH2-N), 3.97 (m, -C#i?-pip.), 5.35 (s, H-17), 5.42 (s, H-5), 
6.50 (s, OH), 7.35 (s, H-14), 7-70-7.80 (m, H-ll), 7.85-7.95 (m, H-10), 
8.20 (dd, H-12), 8.72 (dd, H-9), 9.42 (s, -CH=N). 

Example 6 

7-r(^T\N''-Di-ben2vloxvcarbonvl)-spermidineiminomethvl1-2f?ig- 
camptothecin TST27291 . 

Using the same synthesis process disclosed in Example 1, the title 
product was obtained. 

Yield = 35% 

MS (IS): |MH] + = 772.9 

[M+Na] + = 794.9 
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iH NMR (300 MHz, CDCI3, 5): 1.0-1.1 (t, 3H, CH 3 ), 1.4-2.1 (m, 8H, 
4xCH 2 ), 3.2-3.6 (m, 6H, 3xCH 2 ), 3.95 (s, 2H, CH 2 ), 5.1-5.2 (d, 4H, 
2xCH 2 ), 5.4-5.9 (m, 4H, 2xCH 2 ), 7.2-7.45 (m, 10H, lOxCH), 7.7-7.9 (m, 
3H, 3xCH), 8.25-8.5 (m, 2H, 2xCH), 9.4 (s, 1H, CH). 

13CNMR (75.4 MHz,CDCl 3 , 8): 8.0; 27.2; 31.7; 41.0; 52.8; 66.5; 66.6; 
67.2; 72.9; 98.0; 118.9; 122.8; 126.2; 127.4; 127.8; 128.0; 128.2; 128.5; 
130.3; 130.9; 136.7; 146.0; 150.0; 152.9; 156.3; 156.7; 157.7; 174.0 

Example 7 

7-r3-(4-tert-butoxvcarbonvDamiTiobutvD-te rt-hutoxvcarbonvl amino- 

propoxvimmomethvn - gQS-camptothecin TST28721 . 

K\^"-(ditert-butoxycarbonyl)-aminobutylaminoethoxyaniine (NMR 
(CDCI3): 4.65 (NHBoc), 3.9 (Crj 2 -0), 3.3-3.6 (Boc-N-CH 2 and -ONH 2)> 
3.05-3.25 (CH 2 NHBoc and CH 2 N-Boc), 1.45-1.55 (CH 2 -CH 2 ), 1.45 (18 H, 
2 Boc) (200 mg) was prepared from N-Boc-4-aminobutanol (500 mg), 
via mesylation followed by reaction with ethanolamine, Boc protection 
of the free NH group, Mitsunobu reaction with N-hydroxyphthalimide, 
and hydrazinolysis. 

7-Formylcamptothecin (55 mg, 0.145 mmol) was dissolved in 2 ml of 
ethanol, added with 100 mg of N\N'Xditert-butoxycarbonyl)- 
aminobutylaminoethoxyamine in 1 ml of ethanol, and refluxed 8 hr. 
Evaporation and chromatography on silica gel with dichlo- 
romethane:MeOH (97:3) gave 51 mg (50%) of the title compound, mp 
153°C, Rf 0.2 in CH 2 Cl 2 :MeOH (97:3), NMR (DMSO-d 6 ): 9.4 (s, CH=), 
8.85 

iH-NMR (300 MHz, CDCI3, 5): 0.87 (t, H 3 -18E + H 3 - 18Z), 1.45-1.65 
(m, BOC E + BOC Z + -CH 2 CH 2 -Z + CH 2 CH 2 -S;, 1.87 (m, H 2 -19£ + H 2 - 
19Z), 2-80-3.65 (m, 3 CH 2 -N-Z + 3 CH 2 -N-E), 4.25-4.35 (m, CH 2 -0-Z), 
4.40-4.52 (m, CH 2 -0-E), 4.60 (brs, NH), 5.10 (brs, -NH), 5.20-5.45 (m, 
H-17-^ + H-17-JS + H-5-Z), 5.65-5.75 (m, H-5-£), 7.65-7.75 (m, H-14-2 
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+ H-14-# + 2Ar Z), 7.75-7.85 (m, 2Ar-E), 7.90 (d, lArZ), 8.05 (s, - 
Ci£=N-Z), 8.25-8.35 (m, 2AxE+ lAr Z) 3 9.05 (s, -Ci?=N-£). 
E:Z ratio = 55:45 (by NMR). 

Cytotoxic activity on NCI-H460 cells 

NCI-H460 non-microcytoma lung cancer cells were kept in RPMI 1640 
culture medium containing 10% FCS and 1% glutamine. The cytotox- 
icity test to analyse the activity of the molecules was performed as fol- 
lows. The cells were seeded in a volume of 250 jil in 96-well plates and 
incubated for 2 hours at 37°C with scalar concentrations of the prod- 
ucts in a humidified atmosphere containing 5% CO2. At the end of the 
incubation, the molecules were removed by overturning the plates and 
adding sterile buffered saline solution (PBS) three times. The RPMI 
1640 culture medium containing 10% FCS (200 pi) was added to the 
wells and the plates were incubated for another 72 hours. At the end of 
the incubation, the plates were overturned again and dried on paper, 
before adding 200 \d of PBS and 50 fil of 80% TCA. The plates were in- 
cubated again in ice for at least 1 hour. The TCA was removed by over- 
turning the plates and the plates were first dried on paper and then 
washed three times by immersion in distilled water and overturning. 
The plates were dried first on paper and then in a thermostatically 
regulated incubator at 60°C for 10 min. 200 fil of 0.4% sulforodamine 
B in 1% acetic acid were added to all wells. The plates were incubated 
at room temperature for another 30 min. The sulforodamine B was 
removed by overturning, the plates were washed by immersion in 1% 
acetic acid three times and then dried first on blotting paper and then 
in the thermostat at 60°C for 10 min. Lastly, 200 jul of Tris base 10 ml 
were added to all wells and the plates were subjected to stirring for at 
least 20 min. The optical density was measured with a Multiskan spec- 
trophotometer at 540 nm. Incubation with the products was capable of 
inhibiting proliferation in a concentration-dependent manner. Table 1 
presents the IC50 values (product concentration that inhibits cell sur- 
vival by 50%]. ST2544 and ST2598 showed comparable, very potent 
cytotoxicity on the lung cancer line used. 
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The results are presented in the following table. 

Table 1. 



Cytotoxicity of camptothecin derivatives 

Compound ICso (nMdbSD) 

ST2544 12.9 ± 1.8 

ST2598 15 ± 2 

ST2615 >200 

ST2664 >200 

ST2665 >200 

ST2729 34±7 

ST2872 >200 



Effect on Saccharomvces cerevisiae veast model in vitro and in vivo 

To identify camptothecin derivatives that overcome the resistance to 
camptothecin induced by point mutations on topisomerase I DNA in 
the Saccharomyces cerevisiae yeast model, an in-vivo and an in-vitro 
system were used in parallel. 

For the in-vivo system, the yeast strain EKY3 {top 1A) was transformed 
with YCpGALl plasmids as control and with different plasmids con- 
taining the mutants (YCpGALl-hT OP1G363C, YCpGALl- 
hTOPlK720E, YCpGAL-lhTOPlA653 P), which prove resistant to 
camptothecin. A number of mutations are present close to the active 
site of the enzyme (tyrosine 723) and others around position 363 which 
corresponds to a very well conserved region. 

Before effecting the transformation of the yeasts, the yeasts were un- 
frozen and plated with a sterile bent glass rod in 90-mm plates con- 
taining sterile solid YPDa medium (10 g of yeast extract, 20 g of pep- 
tone, 20 g of dextrose, 0.7 g of adenine, 20 g of glucose, 20 g of agar per 
litre). Colonies formed after 48-72 hours in an incubator at 30°C. 
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One day before the transformation, a single yeast colony sample was 
taken with a sterile Gilson tip and inoculated in 5 ml of sterile liquid 
YPDA medium (the above-mentioned medium without agar). The col- 
ony was grown overnight under stirring at 30°C. On the day after, 5 ml 
of the saturated culture were diluted in sterile liquid YPDA medium 
and growii at 30°C up to an optical density of 1.0 at 600 nm. The cells 
were centrifuged for 5 ™in at 4000 x g, at room temperature and the 
precipitate was resuspended in 25 ml of a (T/E) solution containing 
Tris-EDTA (TE) 10 mM pH 7.5, EDTA 1 mM and lithium acetate 100 
mM. The yeast suspension was centrifuged for 5 min at 4000 x g at 
room temperature. The precipitate was resuspended in the same pre- 
vious fresh solution (approximately 500 pi), so as to have 2 x 10 9 
cells/ml. To accomplish the transformation, 200 fig of carrier DNA, 1 jig 
of plasmid DNA and 200 pi of competent cells were placed in an Ep- 
pendorf spectrophotometer. 1.2 ml of a TE/hthium acetate solution 
containing PEG 40% were added and the yeast suspension was stirred 
for 30 min at 30°C. A thermal shock was generated by placing the 
yeast suspension at 42°C for 15 min and then plating it in selective 
plates, i.e. uracil-free plates containing complete minimal medium 
(CM) (1.3 g of dropout powder containing various amino acids but 
lacking uracil, 1.7 g of yeast nitrogen base without amino acids and 
ammonium sulphate, 5 g of ammonium sulphate, 20 g of glucose and 
20 g of agar per litre). The plates were incubated at 30°C until trans- 
formation. 

Before treating the yeasts with the camptothecin derivatives (in-vivo 
spot test), the transformed colonies were inoculated with a Gilson tip 
in 5 ml sterile liquid CM medium. The colonies were grown overnight 
under stirring at 30°C. On the day after, the optical density of the 
colonies was measured at 600 nm and a dilution of the colonies was 
performed in order to obtain an optical density of 0.3. From this first 
dilution 10-fold serial dilutions were obtained (1:10, 1:100, 1:1000) in 
96-well plates. Five jil of each dilution were pipetted onto 90-mm 
plates containing solid CM medium. For the controls 2% glucose and 
2% galactose were added, whereas for the dilutions treated with the 
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camptothecin derivatives 2% galactose and the products at the 45 jiM 
concentration were added. The colonies were incubated at 30°C for 48- 
72 hours and analysed macroscopically. 

The effect of the camptothecin derivatives ST2544 and ST2598 was 
evaluated. Topoisomerase I wild-type DNA presented a phenotype of 
sensitivity to ST2544 and ST2598, whereas the mutated enzymes 
G363C and A653P proved resistant to the derivatives tested. The 
K720E mutant, however, presented a phenotype of sensitivity to the 
ST2544 derivative. 

The results are presented in the following table. 

Table 2. 

Growth of Saccharomvces cerevisiae veast in the present ogcggBBtotfaegB derivatives in vivo 

Drug TOPI G363C 

DMSO ++++ ++++ 

ST2544 + + + + 

ST2598 + + + + 

From left to right each symbol denotes the growth of the 4 serial yeast dilutions. 
+ Viability of Sacckaromyces cerevisiae yeast; 
- Lethality of Sacckaromyces cerevisiae yeast. 

Effect of >ST2544 against MEN-23 human gastric carcinoma 

Tumor fragments were inoculated on both flanks at day 0. Treatment 
started when tumors were just palpable. The molecule was given by 
oral route and intravenously according to the schedule q4dx4. During 
the treatment, animals were inspected every day for mortality. Physi- 
cal appearance, behavior and general and local clinical signs of the 
mice will be observed daily. Any deviation from normality was re- 
corded. All q niiTialR were weighed during the whole treatment period, 
in order to calculate the percent body weight loss due to the treatment. 



K720E 

+ + + + 

+ 

+ + + + 



A653P 

+ + + + 
+ + + + 
+ + + + 
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Tumor volume inhibition % in treated over control tumors was evalu- 
ated 20 days after last treatment. To determine the antitumor activity 
of the drug, tumor diameters was measured biweekly with a Vernier 
caliper. The formula TV (mm 3 ) = [length (mm) x width (mm) 2 ]/2 was 
used, where the width and the length are the shortest and the longest 
diameters of each tumor, respectively. 

When tumors reached a weight of about 2 g, the mice were sacrificed 
by cervical dislocation. LCK (log cell kill) as index of efficacy was cal- 
culated to evaluate the persistence of the effect of the molecule at the 
end of the treatment. The results are reported in table 3. 

Table 3. 

Antitumor activity of ST2544 (q4dx4) p.o. or i.v. in athymic nude mice bearing s.c. the MKN-28 

human gastric carcinoma 



Drug 


Dose 


TVI% 


LCK 


BWL% 


Tox 




(mg/kg) 




(1000 mm 3 ) 






ST2544 iv 


1 


34 


0.2 


1 


0/4 


iv 


2 


36 


0.2 


6 


0/4 


iv 


4 


66 


0.8 


0 


0/4 


ST2544 p.o. 


1 


28 


0.1 


5 


0/4 


p.o. 


2 


62 


0.5 


1 


0/4 


p.o. 


4 


72 


1 


7 


0/4 



When ST2544 was delivered by oral route showed to significantly in- 
hibit the tumor growth at 4 and 2 mg/kg (q4cb:4), since TVI was >50%, 
whereas when it was given intravenously was efficacious at 4 mg/kg 
(q4ds4) (TVT=66%). The persistence of the effect on tumor growth 
measured at the end of the treatment was observed after oral admini- 
stration at 4 mg/kg (LCK=1). 



